Previous studies on stem rust uredospores (1 ) showed that germination was prevented by increasing the number of spores floated in a confined space, and that the inhibition of germination was caused by substances emanating from the spores and accumulating in the liquid on which they floated. There were indications that the active material might be volatile. The present experiments emerged from attempts to obtain a germination inhibitor in purer form from the crude aqueous solutions. Unexpectedly, these attempts led at once to the preparation of a volatile fraction which caused an increase in rate of germination rather than an inhibition. Further studies of this fraction showed that it was also capable of inducing on aqueous solutions the formation of structures closely resembling the infection structures formed during the early stages of development on a host plant. In the following report are presented some of the important biological properties of this volatile fraction.
AIATERIALS AND 
METHODS
Uredospores of Race 56 of stem rust of wheat, Puccinia graminis var. tritici, were used for all assays and for all preparations of active materials. Spores were collected and stored as reported previously (1) . Germination and development of the germ-tubes was studied with spores floated on aqueous solutions. Except as shown otherwise, the solutions were buffered with 0.01 or 0.005M potassium phosphate buffers. The test spores were floated on water and a loopful transferred at once to each test solution. The test vessel was covered, sealed with vaseline, and incubated in darkness at 18 to 200 C. The vessels used for the most critical observations were Pyrex micro-Conway diffusion dishes (3) having a total volume when sealed of 5 ml and with a center well with 0.8-ml capacity. Test solutions were placed in both the center well and the outer ring, or in the outer ring alone when diffusion through air was required for the test substances to reach the spores.
Spores were floated on 0.5 ml of liquid in the center well, and the vessels were covered with a polyethylene cover. Rectangular vessels made of plexiglas and covered with a coverslip were also used extensively. Pyrex and plexiglas vessels have been found to release lesser amounts of stimulatory materials than soft-glass vessels or Van Tieghem vessels cemented with sealing wax. For short-term tests interference by these contaminants is small, but for longer-term incubations it is sometimes sufficient, with the Van Tieghem vessels, to mask completely the true effects of a test solution.
Records of germination and germ-tube growth were usually made at 2 1/4 hours after the spores were floated. Germination was estimated as reported previously (1) . Germ-tube growth was estimated in terms of spore length, which is quite uniform (35 u), and was then converted to absolute units. The differentiation of germ-tubes was not definitive in less than 12 hours, and was therefore recorded only after incubation for at least 15 hours.
Crude inhibitor solutions were prepared in pyrex vessels by floating uredospores for 5 to 7 hours on double-distilled water in diffuse light or in darkness, using approximately 3 gm of air-dry spores per liter. The temperature during incubation was not controlled, and varied from 20 to 29°C. Aeration was accomplished by occasional shaking of the closed vessel, or by continuous agitation with a magnetic stirrer and a gentle stream of air. In the latter type of preparation, the stream of air then passed through a series of cold traps maintained at temperatures from + 10 C down to -600 C. At the end of an incubation the spores were allowed to settle and the solution was withdrawn by gentle suction, passinog through a small wad of non-absorbent cotton to remove any spores still in suspension. A clear, light-yellow filtrate was obtained having a pH of about 6.0.
RESULTS

EFFECTS ON GERMINATION OF FRACTIONS DERIVED FROM SOLUTIONS OF CRUDE INHIBITOR:
The crude inhibitor solution was distilled at 1000 C and atmospheric pressure and a series of fractions of the condensate collected in an ice-bath. None of the distillate fractions inhibited, but instead some of them stimulated the germination of uredospores. In small samples of spores (about 1,000 spores/ml), where self-inhibition is slight, the stimulation was not always striking, but with larger populations the distillate induced rapid and often complete germination under conditions which permitted no germination at all in the controls. The distillates therefore overcame the natural self-inhibition (1) . Miost of the activity was found in the first 10 to 20 % distilling over.
To determine whether a volatile stimulant was simply being removed and concentrated from a mixture of stimulant and inhibitor, distillate and residue were recombined, thus diluting both components back to the original volume of crude inhibitor. The combination no longer possessed the inhibitory action of the original crude inhibitor (table I, left hand column). This loss could not be ascribed to the altered pH, since a second series of tests with the same preparation buffered at pH 7.0 (table I, right hand column) likewise showed a loss of inhibitor activity in the recombined residue and distillate. Since neither the residue nor the combination of residue and distillate showed evidence of inhibition in the buffer series, the process of distillation apparently resulted not only in the separation or formation of a volatile stimulant, but also in a loss of the original inhibitory activity. The inhibition shown by the unbuffered residue was different from that of the crude inhibitor, since unlike the latter it was not evident in phosphate buffer. Furthermore the inhibition by the residue was abolished by low concentrations of distillate which were insufficient to overcome the action of the crude inhibitor. The activity of the stimulant could be demonstrated at higher concentrations by its counteraction of the self-inhibitor and, as indicated in table I, was readily detected by its stimulation of germination on potassium phosphate at neutrality.
Using the increase of germination in neutral potassium phosphate as an index of activity, it was found that some stimulant was recovered in the cold traps through which air was circulated during the preparation of crude spore eluates, but most of the activity was recovered only after distillation. Comparable yields were obtained by distillation at 1000 C, or at 40 to 50°C with reduced pressure. The sumption that a certain level of germination was achieved at similar concentrations of stimulant. Calculating the relative concentrations of two samples from one level of germination and adjustingf the germination-concentration curves on that basis gave remarkably good agreement in the effects of all other concentrations. Furthermore, the concentrations of stimulant then found to elicit differentiation of infection structures were quite similar for different preparations of distillate. These comparisons have not been carried far enough, however, to afford clear evidence that the different activities reside in a single substance.
EFFECT OF DISTILLATES ON OTHER RUST FUNGI: A few exploratory tests were made to find whether the volatile fraction had any effect on the development of other rust spores. With all of the spores tested, there were clear effects of the distillate, although the nature of the effects differed, ranging from inhibition of germination to stimulation of vesicle formation (table III) . These differences may very well represent differences in sensitivity, since only concentrations known to effect vesicle formation in P. gramiinis var. tritici were used in these tests.
DISCUSSION
The substances released from the cells of an obligate parasite and affecting its development are likely to be of importance to the problem of artificial cultivation of these fungi. Such substances are also of potential importance to an understanding of the interaction between host and parasite. The volatile fraction discussed in this paper seems of particular interest in the latter connection, because it simulates the action of the host plant in causing the differentiation of infection structures. Thus a solution containing relatively few substances (possibly only one crucial substance) is able to elicit development of a series of structures whose formation on the host plant is strictly correlated with the position of guard cells, stomatal openings and sub-stomatal chambers. The formation of structures characteristic of the growth of the parasite on the host and needed for successful infection does not, therefore, require any special physical stimuli, but can be brought about in spores floating on water in the presence of specific chemical substances. That an occasional spore develops infection structures in the absence of added stimulant (9) suggests that the supply of this substance is occasionally high enough in a spore to permit the differentiation of germ-tubes.
There is no good evidence from these experiments indicating whether the distillate contains one or more substances influencing spore development, but in view of the method of preparation, it seems unlikely that it contains more than a few substances at most. The observed differences in activity at different pH's and with and without potassium phosphate do not exclude the possibility of a single active substance.
Although some of the volatile stimulant appears to be released by metabolizing spores, the bulk of the activity obtained in these experiments was derived from substances first released by the spores into the aqueous phase and then converted in the absence of spores into a volatile stimulant. The conversion takes place rapidly during distillation at 400 C or above, and probably occurs slowly on standing at or even below room temperature. The stimulant must be different from the germination inhibitor since its addition to a crude inhibitor solution never enhances but may abolish inhibition, and since it counteracts the self-inhibition in large populations. It is probably different also from the stimulant of germ-tube growth suggested by Ezekiel's (6) and Yarwood's (11) experiments, because its primary action on germtubes is to inhibit their growth. Only in exceptional circumstances and in the absence of Ca does it increase germ-tube growth. There is no resemblance in odor between our preparations and trimethylethylene, which Forsyth has claimed to be a natural inhibitor from uredospores of P. graminis var. tritici (7), nor does trimethylethylene stimulate germination under the test conditions employed in this investigation. On the other hand, the active preparations described in this paper have points of similarity with those described bv French, Massey, and Weintraub (8) , notably in their common property of stimulating germination and of eliciting the development of infection structures.
Many investigators have noted a distinctive odor associated with one or more stages in the development of rusts. Although it is not possible to identify odors by description, a fragrance analogous to that described
